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[57] ABSTRACT 

A compressed data storage apparatus is provided with a 
compressing circuit for generating compressed data by com- 
pressing digital data from a camera section, a buffer memory 
for storing the compressed data temporarily, a disk device 
for storing the compressed data stored in the buffer memory 
at a rate faster than a rate at which the buffer memory stores 
the compressed data, and a system controller for increasing 
a compression ratio of the compressing circuit when detect- 
ing that the disk device has become unable to record the 
data. According to the above arrangement, in the event that 
the disk device becomes unable to store the data due to 
vibrations or an impact, the data compression ratio is 
increased, whereby the rate at which the buffer memory 
stores the data is reduced. Consequently, the capacity of the 
buffer memory can be reduced, and therefore, it has become 
possible to provide an inexpensive compressed data storage 
apparatus with excellent resistance to vibrations. 

29 Claims, 7 Drawing Sheets 
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INEXPENSIVE COMPRESSED DATA inputted into the compressing/expanding circuit 112 is com- 

STORAGE APPARATUS WITH IMPROVED pressed. Various compressing methods have been proposed, 

RESISTANCE TO VIBRATIONS and when the subject data is image data or audio data, a 

human's visual or audio capabilities are exploited to attain 

FIELD OF THE INVENTION s a high compression ratio. Consequently, the input data is 

The present invention relates to a data storage apparatus, compressed at a compression ratio on the order of Vio. The 

and more particularly to an inexpensive compressed data data compressed by the compressing/expanding circuit 112 

storage apparatus with improved resistance to vibrations. 18 then sent t0 a buffer me mory 102 through a memory 

controller 103 and stored temporarily therein. The memory 

BACKGROUND OF THE INVENTION 10 controller 103 is a circuit for controlling the flow of the data 

rpi , c # . j-*ij.u • a through the compressing/expanding circuit 112, buffer 

lne need tor efficiently storing digital data has increased in « , r ,. , Jr . r \. t1 

. - fi tl «u • a ? .* r • i • a memory 102, and disk device 104. More specifically, the 

significantly with the mere ased digitization of various kinds ' / « , , , v * 7_ /' . 

f j > \ . , 4 J i j- a * «7i_ 'i Jt memory controller 103 manages the addresses of the data in 

of data such as image data and audio data. While data , £ °. , c w y" v « OM »"* 

i- tl _ . . j j the buffer memory 102 which are transferred from the 

storage apparatuses keep increasing their capacity and den- . , . . r " 

% f i % r * i ■ i j * 4 i_ 15 compressing/expanding circuit 112, and the addresses of the 

ay to keep pace wiU. technical advances, various tech- ^/^ZtJ to .he disk device 104 from the buffer 

mques have also been introduced for compressing data when ., * , " 

urocessine dieital si als memory 102. Also, the memory controller 103 detects an 

r- , , '. ,,.,„„., available capacity of the buffer memory 102 based on these 

For example, when an image including 640x480 pixels, addresses. The disk device 104 is a device for storing the 

each pixel having 8 bits for each RGB, is recorded or 2Q dau; for example> an optkal disk devjce and a hard disk 

reproduced at 30 images per second, approximately 220 MB device Bom of mese examples „ optical pick . up or 

of data is generated per second. To store two hours worth of a magnetic head to dete rmine its position precisely to within 

such data, a storage capacity of approximately 200 GB is about a micron Therefore) jf considerable vibrations or 

necessary. This huge amount of data can be compressed and impact is given onto tne device; , he ical of 

transferred at a transfer rate of 4-5 Mbps and stored in a 25 magnetic head is dis pi accd from thc original position, 

device having several GB of storage capacity. However, , hereby maki the recording/reproduction impossible, 

once the data ,s compressed at a compression ratio of nearly N , he ^ Qf ^ compassion data 

Moo as above, the original data is not restored completely s , fatus ^ be ^ ^ ^ of the 

when the compressed data is expanded. As a result the avaUab , e d of ^ ^ m J £r 

compression processing deteriorates the .mage quality. ,„ il , us , rated m mQ g - fhe avai]able > ci of ^ buffef 

Generally, the higher the compression ratio, the worse the , + M ? „ . . ;u . c .u 

,. A ™^ , . , , , . , , memory 102 referred herein means the amount of the 

image quahty. To solve tbs problem, a technique has been mc d ^ remains M and ^ ja effec ^ 

proposed that allocates a greater amount of data to images meKnce between ^ M clpacity of me 5uffer m 

involving many motions that rcaddy cause quahty deterio- m and ^ amount rf data m lhe buff „ mcmor £ 

raUon anda smaller amount of data to unages involving less 35 1Q2 ^ DQt tansferred t0 me disk device 104. Thus, when 

motions. This technique can suppress the deterioration of the «. . , . , f j . , ff 1M f 

. M . 4 . rr 4 . j 4 lt - the data is transferred to the buffer memory 102 from the 

image quality by varying the ^amo unt of data allocated co^^^^ 

according to the image type, that is, by varying the com- ^ £ uffer ^ en f 0 jfe decreases> and when the P data y is 

pression ratio according to the image type. transferred ^ ^ ^ ^ m frQm ^ buffer memory 

Another problem caused by the data compression will 40 l02 , the available capacity of the buffer memory 102 

now be explained. An "off-servo" error sometimes occurs i ncrea ses. In FIG. 8, assume that the compressing/expanding 

when a portable disk device is subject to vibrations or an circuit u2 slarts to compress the data at a time 0. Therefore, 

impact during use. Various countermeasures have been the buffer mem ory 102 is empty at the time 0; in other 

taken to solve this problem, such as providing an anti- words, a full capacity of the buffer memory 102 is available, 

vibration mechanism and improving servo characteristics. 45 Sincc thc data cornprcsscd b y the compressing/expanding 

However, these countermeasures alone cannot prevent the circuit m is transferred to the buffer memory 102 at a 

off-servo error caused by a large impact or the like, thereby constant transfer rate, the available capacity of the buffer 

making the recording/reproduction impossible. To solve the memory l02 keeps decreasing over time. In the meantime, 

above problem, Japanese Laid-open Patent Application No. thc ava ii ab i c capacity of the buffer memory 102 drops below 

103079/1992 (Tokukaibei No. 4-103079) discloses an appa- 50 a first predetermined value TH1 at a time Tl, and a system 

ratus with improved vibration resistance that stores the contr0 ]i e r 105 is so notified by the memory controller 103. 

compressed data into a buffer memory first, and then onto Upon receipl of the not ifi cat i onj the syslern controller 105 

the disk. In the following, the arrangement and operation of lwo commands: one is a command to the memory 

the above conventional apparatus will be explained with controller 103 to start the data transfer from the buffer 

reference to the accompanying drawings. ss memory 102 to the disk device 104, and the other is a 

FIG. 7 is a block diagram depicting an arrangement of a command to the disk device 104 to start writing data onto the 

conventional compressed data storage apparatus. When data disk. Because the data transfer rate from the buffer memory 

is recorded into a disk device 104, an input signal is 102 to the disk device 104 is set higher than the data transfer 

converted into a digital signal by an A/D converter 107 and rate from the compressing/expanding circuit 112 to the 

sent to a compressing/expanding circuit 112. When the data 60 buffer memory 102, the amount of the compressed data 

is reproduced from the disk device 104, the digital signal is stored temporarily in the buffer memory 102 starts to 

converted into an analog signal by a D/A converter 113 decrease over time, and hence the available capacity of the 

through the compressing/expanding circuit 112. The buffer memory 102 starts to increase. In the meantime, the 

compressing/expanding circuit 112 is a circuit for compress- available capacity of the buffer memory 102 exceeds a 

ing or expanding the data. 65 second predetermined value TH2 at a time T2, and the 

In the following, the compression processing related to system controller 105 is so notified by the memory control- 

the present invention will be explained. First, the data ler 103. Upon receipt of the notification, the system con- 
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trailer 105 issues two commands: one is a command to the To fulfill the above object, the compressed data storage 

memory controller 103 to stop the data transfer from the apparatus of the present invention is characterized by being 

buffer memory 102 to the disk device 104, and the other is furnished with: 

a command to the disk device 104 to stop writing data onto „ j , . 

the disk. In normal operation, the cycle of writing data onto . a ~n»P«ssiag circuit for generating compressed data by 

the disk device 104 when the available capacity of the buffer compressing the data; 

memory 102 drops below TH1 and not writing data onto the a temporary storage circuit for temporarily storing the 

disk when the available capacity of the buffer memory 102 compressed data; 

exceeds TH2 is repeated hereinafter. Assume that an impact a stora gc device for storing the compressed data by 

a g?Ven Z n K thC dlSk d t7°f 104 ^a # toc P> the retrieving the compressed data from the temporary storage 

device 104 becomes unable to write data and takes a time T5 10 „• ,f, - * c * «k * * u- u ,u • 

to be restored to the data writable state. Then, the available cucm at * rate u faste ' ^ a rate at which the compressing 

capacity of the buffer memory 102 starts to decrease over circmt 0Ut P uts ^pressed data to the temporary storage 

time and drops below the first predetermined value TH1 at circuit; and 

a time T4, at which the disk device 104 has not yet been a control circuit for controlling an output rate at which the 

restored to the data writable state. Thus, the system control- ^ compressing circuit outputs the compressed data when 

ler 105 does not start the data transfer from the buffer detecting that the storage device has become unable to store 

memory 102 to the disk device 104, and the available the compressed data, the output rate being controlled to be 

capacity of the buffer memory 102 keeps decreasing. In the larger than O and smaller than a normal value, 

meantime, the system controller 105 detects that the disk According to the above arrangement, when the control 

device 104 has been restored to the data writable state at T5, circuit delects lhat tQe st circuit has become ^ t0 

and ^ues a command^ 20 ^ ^ ^ control rcduces 

the data transfer from the buffer memory 102 to the disk _ * ._ T i_ iUa ' „. • , , 4U 

device 104, whereupon available capacity of the buffer ° UtpUt ratc . * ^ compressing circuit outputs the 

memory 102 starts to increase. Hereinafter, the normal ^P^d data below the normal value by, for example, 

operation is carried out repetitively. increasing the compression ratio of the compressing circuit 

As explained above, the conventional compressed data 25 or hmitm S ^ of data to be ^pressed when the 

storage apparatus stores the data into the buffer memory 102 compressing circuit compresses more than one kind of data, 

temporarily. According to this arrangement, in the event that Accordingly, the temporary storage circuit takes a longer 

the disk device 104 becomes unable to write the data time to store the data to its full capacity (no unused memory 

temporarily, the compressed data storage apparatus can capacity) compared with a case using a fixed output rate, 

write the data onto the disk device 104 correctly without 30 A^o, since the output rate is set larger than zero during this 

missing any data only if the disk device 104 is restored to the period, the quality of the compressed data may possibly 

data writable state before the buffer memory 102 stores the deteriorate, but the compressed data storage apparatus can 

data to its full capacity (available capacity-0). store the data continuously. 

Consequently, this arrangement can improve the vibration Incidentally, when the storage device becomes unable to 

resistance of the compressed data storage apparatus. 35 store the compressed data due to an impact or the like, the 

To realize the above operation, an apparatus only has to unused memory capacity of the temporary storage circuit 

satisfy two conditions as follows: keeps decreasing. When the memory capacity of the tern- 

(1) the apparatus includes a buffer memory; and porary storage circuit is used to its full capacity, the tem- 

(2) a data transfer rate from the buffer memory to the disk porary storage circuit can no longer store the compressed 
device is higher than a data transfer rate from the input 40 data sent from the compressing circuit unless the storage 
end to the buffer memory. device is restored to the data writable state. Consequently, 

Note that the apparatus can readily satisfy these condi- the compressed data storage circuit cannot store the data 

tions only by including a compressing circuit somewhere in compressed during the above specified period, 

a path between the input end and buffer memory, because Ho acc0 rding to the above arrangement, a time 

this can decrease the data transfer rate from the input end to *' tKa . *~ . , • . • .u 

the buffer memory. In case of the aforementioned motion 45 " X \ e ( ^ & ™ CUl \ i0 / 1 ™ the f 

image data, the data transfer rate can be reduced from 220 c ° m P rcsscd data t0 lts ™ «P«»ty can be extended even if 

Mbps to 4 Mbps. Therefore, the data transfer rate to the disk the tem P orarv stora S e c ! rcu * 1 has a ca P a "ty as large as the 

device should be at least 220 Mbps without the compression, capacity of its conventional counterpart. Consequently, it 

but providing the compressing circuit somewhere in the has become possible to provide an inexpensive compressed 

above path can ease the data transfer rate condition to 50 data storage apparatus with excellent resistance to vibra- 

approximately 4 Mbps. tions. 

As explained above, the prior art readily realizes an Particularly, because the pick-up of the optical disk is 

excellent vibration-resistant apparatus by combining the heavy, it takes a long time to be restored to the data writable 

buffer memory and the compressing circuit. state. Thus, when the optical disk is used as the storage 

However, when the conventional apparatus is used for 55 device of the compressed data storage apparatus, the effect 
data with a high data transfer rate, the capacity of the buffer of the present invention is significant, 
memory has to be increased. For example, in case of the In case tha t the kind(s) of data compressed by the com- 
motion image data, if the disk device takes 5 seconds to { circuit ^ (arc) Umitcd than thc normal casc {Q 
return from the damage caused by an impact, a buffer reduce the om t rate of lhe circuit; it is 
memory or as large as 4 MbpsxS s=20 Mb is necessary. f . i , \. i . . 4 \ 
Therefore, when data with a high data transfer rate is 60 ^ f lh f f; om P rcsscd ^f ora g c a PP aratus « 
handled, the capacity of the buffer memory increases and so ^ rther furn ^. ed ™ th *? *™™t* *** *< wnUa * IT* 
does the cost of the apparatus. for compensating the data which is not compressed. When 

the compressed data generated out of the limited kind(s) of 

SUMMARY OF THE INVENTION data are stored into the storage device, the appended data 

It is therefore an object of the present invention to provide 65 generating circuit compensates the other data of the non- 

an inexpensive compressed data storage apparatus with limited kind(s) by, for example, appending the data imme- 

excellent resistance to vibrations. diately before the limitation, or predetermined data. 
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Consequently, compared with a case where no data related 
to the other data of the non-limited kind(s) are appended, the 
compressed data storage apparatus can store the data which 
can be reproduced more naturally. 

Timing at which the control circuit reduces the output rate 5 
of the compressing circuit can be determined by various 
methods regardless of the methods of reducing the output 
rate of the compressing circuit. For example, when the 
priority is placed on the memory capacity reduction of the 
temporary storage circuit, it is preferable that the control 1Q 
circuit reduces the output rate whenever detecting that the 
storage device has become unable to store the compressed 
data. According to this arrangement, when the storage 
device becomes unable to store the compressed data, the 
control circuit can start to reduce the output rate at an earlier 
stage. Consequently, a time required for the temporary 15 
storage circuit to store the compressed data to its full 
capacity can be extended further. 

On the other hand, when the priority is placed on the 
quality of the compressed data stored into the storage device, 
it is preferable that the control circuit reduces the output rate 20 
of the compressing circuit when the unused memory capac- 
ity of the temporary storage circuit is smaller than a prede- 
termined value and the conlrol circuit detects that the storage 
device has become unable to store the compressed data. 
According to this arrangement, even if the storage device is 
has become unable to store the compressed data, the control 
circuit does not reduce the output rate of the compressing 
circuit while the unused memory capacity of the temporary 
storage circuit is larger than the first predetermined value. 
Thus, compared with a case where the output rate is reduced 30 
whenever the control circuit detects the storage device has 
become unable to store the compressed data, the output rate 
can be reduced at a later timing. Consequently, if the storage 
device has been restored to the data writable state before the 
above timing comes, the control circuit does not have to 35 
reduce the output rate of the compressing circuit, thereby 
making it possible to maintain the quality of the compressed 
data. Note that if the unused memory capacity of the 
temporary storage circuit drops below the first predeter- 
mined value, the output rate of the compressing circuit is AQ 
reduced, thereby securing some time until the temporary 
storage circuit stores the compressed data to its full capacity. 

In addition, it is preferable that the control circuit 
increases the output rate of the compressing circuit to the 
original value when the storage device has been restored to 45 
the data writable state in manner opposite to reducing the 
output rate. Consequently, when the storage circuit has been 
restored to the data writable state, the quality of the com- 
pressed data stored in the storage device can be increased to 
the normal level. 50 

Also, timing at which the control circuit increase the 
output rate of the compressing circuit to the normal value 
can be determined by various methods depending on the 
intended use of the compressed data storage device. For 
example, when the priority is placed on the quality of the 55 
compressed data stored in the storage device in the com- 
pressed data storage apparatus, it is preferable that the 
control circuit increases the output rate to the normal value 
whenever detecting that the storage circuit has been restored 
to the data writable state. On the other hand, when the 60 
priority is placed on the memory capacity reduction of the 
temporary storage circuit and improvement of the resistance 
to vibrations, it is preferable that the control circuit increases 
the output rate to the normal value with reference to the 
unused memory capacity of the temporary storage circuit. 65 

Incidentally, in each of the above arrangements, it is 
preferable to further provide a circuit for notifying the user 
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that the output rate of the compressing circuit is reduced by 
displaying the compressing ratio, for example. According to 
this arrangement, the user can acknowledge the reduction of 
the output rate, so that he can take an appropriate action, 
such as supporting the compressed data storage apparatus 
firmly. 

For a fuller understanding of the nature and advantages of 
the invention, reference should be made to the ensuing 
detailed description taken in conjunction with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram depicting an arrangement of a 
compressed data storage apparatus in accordance with 
Embodiment 1 of the present invention; 

FIG. 2 shows a graph representing a change of an avail- 
able capacity of a buffer memory over time and a graph 
representing a change of a compression ratio over time in the 
compressed data storage apparatus of Embodiment 1 in one 
case; 

FIG. 3 shows a graph representing a change of an avail- 
able capacity of a buffer memory over time and a graph 
representing a change of a compression ratio over time in the 
compressed data storage apparatus of Embodiment 1 in 
another case; 

FIG. 4 is a flowchart detailing an operation of the com- 
pressed data storage apparatus of Embodiment 1; 

FIG. 5 is a block diagram depicting an arrangement of a 
compressed data storage apparatus in accordance with 
Embodiment 2 of the present invention; 

FIG. 6 shows a graph representing a change of an avail- 
able capacity of a buffer memory over time and graphs each 
representing a change of a compression state over time in the 
compressed data storage apparatus of Embodiment 2; 

FIG. 7 is a block diagram depicting an arrangement of a 
conventional compressed data storage apparatus; and 

FIG. 8 shows a graph representing a change of an avail- 
able capacity of a buffer memory over time in the conven- 
tional compressed data storage apparatus 

DESCRIPTION OF THE EMBODIMENTS 

Referring to the accompanying drawings, the following 
description will describe example embodiments of the 
present invention. 

Embodiment 1 

FIG. 1 is a block diagram depicting a compressed data 
storage apparatus in accordance with Embodiment 1 of the 
present invention. As an illustrative example of this 
embodiment, the present invention is applied to a camcorder. 
Image information is first converted into an electric signal 
by a camera section 8, and then converted into a digital 
signal by an A/D converter 7 and sent to the compressing 
circuit 1. Next, the data inputted into the compressing circuit 
1 is compressed. There has been proposed various com- 
pressing methods, and when the subject data is image data, 
a human's visual capabilities can be exploited to attain a 
high compression ratio. Consequently, the input data is 
compressed at a compression ratio on the order of Vio. Note 
that the compressing circuit 1 of Embodiment 1 can change 
a data compression ratio by command from a system con- 
troller 5, and for this reason, data indicating the applied 
compression ratio is appended to the compressed data. The 
data compressed by the compressing circuit 1 is then sent to 
a buffer memory 2 through a memory controller 3 and stored 
temporarily therein. The memory controller 3 is a circuit for 
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controlling the flow of data through the compressing circuit commands; one is a command to the memory controller 3 to 

1, buffer memory 2, and disk device 4. More specifically, the stop the data transfer from the buffer memory 2 to the disk 

memory controller 3 manages the addresses of the data in the device 4, and the other is a command to the disk device 4 to 

buffer memory 2 transferred from the compressing circuit 1, stop writing data onto the disk. In normal operation, the 

and the addresses of the data transferred to the disk device 5 cycle of writing data onto the disk when the available 

4 from the buffer memory 2. Also, the memory controller 3 capacity of the buffer memory 2 drops below TH1 and not 
detects available capacity of the buffer memory 2 based on writing data onto the disk when the available capacity of the 
these addresses. The disk device 4 is a device for storing the buffer memory 2 exceeds TH2 is repeated. Also, the corn- 
data, and an optical disk device is used herein. The optical pression ratio is maintained at a predetermined regulation 
disk has a fast access rate and the largest capacity among all 10 value Kl during normal operation. 

the disk-swapping type storage apparatuses. Therefore, the Assume that an impact is applied to the disk device 4 at 

optical disk is most suitable to handle data like image data, a time 73, and the disk device 4 becomes unable to write 

which demands a large capacity memory. However, the data and takes a time T7 to be restored to the data writable 

optical disk device controls an optical pick-up to determine state. Then, the available capacity of the buffer memory 2 

its position precisely on the order of micron. Therefore, if is starts to decrease over time and drops below the first 

the device is subject to a considerable vibration or impact, predetermined value TH1 at a time T4, at which the disk 

the optical pick-up is displaced from its original position, device 4 has not yet been restored to the data writable state, 

thereby making recording impossible. In particular, because Thus, the system controller 5 does not start the data transfer 

the optical pick-up of the optical disk device is heavier than from the buffer memory 2 to the disk device 4, and the 

a magnetic head of the hard disk device, vibration or impact 20 available capacity of the buffer memory 2 keeps decreasing, 

can have a more serious effect. For example, once the In the meantime, the available capacity of the buffer memory 

pick-up is displaced, it takes a long lime to return to the 2 drops below a third predetermined value TH3 at a time T5, 

original position. and the system controller 5 is so notified by the memory 

The operation of the apparatus of Embodiment 1 will now controller 3. Upon receipt of the notification, the system 

be explained. Graph (a) of FIG. 2 represents the change of 25 controller 5 issues a command to the compressing circuit 1 

the available capacity of the buffer memory 2 over time. The to increase the compression ratio to K2. Upon receipt of the 

available capacity of the buffer memory 2 referred herein command, the compressing circuit 1 increases the data 

means the amount of memory capacity that remains unused compression ratio to K2 to reduce the amount of data 

and is, in effect, the difference between the full capacity of transferred to the buffer memory 2. Generally, the image 

the buffer memory 2 and the amount of data remaining in the 30 data is compressed per data block, each data block having a 

buffer memory 2 that is not transferred to the disk device 4. certain amount of the data, and the compression ratio cannot 

Thus, when the data is transferred to the buffer memory 2 be changed while a data block is being processed. Therefore, 

from the compressing circuit 1, the available capacity of the the compressing circuit 1 increases the compression ratio at 

buffer memory 2 decreases, and when the data is transferred a time T6, at which the compressing circuit 1 starts the 

to the disk device 4 from the buffer memory 2, the available 35 processing of a new data block following a data block that 

capacity of the buffer memory 2 increases. Graph (b) of FIG. was being processed when the command from the system 

2 represents the change of the compression ratio of the controller 5 arrived. Then, the system controller 5 detects 

compressing circuit 1 over time. The higher the compression that the compression ratio of the compressing circuit 1 is 

ratio, the less the amount of data is output from the com- increased to K2 at the time T6 and so indicates on a display 

pressing circuit 1, and hence, the higher the compression 40 device 6. More specifically, since the camcorder has a liquid 

ratio, the lower the data transfer rate of the output data. In crystal monitor screen, the screen shows a display indicating 

Graph (a) of FIG. 2, assume that the recording starts at a time that the compression ratio is increased. Alternatively, an 

0 and the compressing circuit 1 starts to compress the data LED may be used as a display element and turned on when 

concurrently with the recording. Therefore, the buffer the compression ratio is increased. This display enables the 

memory 2 is empty at the time 0, and the full capacity of the 45 user to take an appropriate action. More specifically, as 

buffer memory 2 is available. Because the data compressed previously mentioned, it is known that the image quality 

by the compressing circuit 1 is transferred to the buffer deteriorates as the compression ratio increases. Therefore, if 

memory 2 at a constant transfer rate, the available capacity the user learns that the compression ratio is increased, he can 

of the buffer memory 2 keeps decreasing over time. In the maintain the image quality by manipulating the camcorder 

meantime, the available amount of buffer memory 2 drops 50 to avoid the recording of fast moving images. Also, because 

below a first predetermined value TH1 at a time Tl, and the considerable vibration or impact applied to the camcorder 

system controller S is so notified by the memory controller causes an increase of the compression ratio, the above 

3. Upon receipt of the notification, the system controller 5 display can call the attention of the user to support the 

issues two commands: one is a command to the memory camcorder more carefully to prevent vibrations or an impact, 

controller 3 to start the data transfer from the buffer memory 55 so that the disk device 4 can be restored to the data writable 

2 to the disk device 4, and the other is a command to the disk state faster. Alternatively, instructions as above may be 

device 4 to start writing data to the disk. Because the data displayed on the liquid crystal monitor screen, so that the 

transfer rate from the buffer memory 2 to the disk device 4 user can take an appropriate action by manipulating the 

is set higher than the data transfer rate from the compressing camcorder according to the instructions on the monitor 

circuit 1 to the buffer memory 2, the amount of the com- 60 screen. Because the compression ratio starts to increase at 

pressed data stored temporarily in the buffer memory 2 starts the time T6, the data transfer rate from the compressing 

to decrease over time, and hence, the available capacity of circuit 1 to the buffer memory 2 drops, whereby a decreasing 

the buffer memory 2 starts to increase. In the meantime, the rate of the available capacity of the buffer memory 2 starts 

available capacity of the buffer memory 2 exceeds a second to drop from the time T6 as is indicated by a mild slope in 

predetermined value TH2 at a time T2, the system controller 65 Graph (a) of FIG. 2. 

5 is so notified by the memory controller 3. Upon receipt of In the meantime, the controller 5 detects that the disk 
the notification, and the system controller 5 issues two device 4 has been restored to the data writable state at a time 
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T7, and issues a command to ihe memory controller 3 to start 
the data transfer from the buffer memory 2 to the disk device 
4, whereupon the available capacity of the buffer memory 2 
starts to increase. At the same time, the system controller 5 
issues a command to the compressing circuit 1 to reduce the 5 
compression ratio to the initial Kl. As in the case of 
increasing the compression ratio, the compressing circuit 1 
reduces the compression ratio to Kl at a time T8, at which 
the compressing circuit 1 starts the processing of a new data 
block following a data block which was being processed 10 
when the command from the system controller 5 arrived. In 
the meantime, the system controller 5 detects that the 
compression ratio is reduced to Kl and so indicates on the 
display device 6. Hereinafter, the normal operation is carried 
out repetitively. 15 

In Embodiment 1, the compression ratio is reduced to the 
initial Kl after the system controller 5 detects that the disk 
device 4 has been restored to the data writable state. This 
arrangement can start to reduce the compression ratio at an 
early stage, thereby preventing the deterioration of the image 20 
quality at an early stage. 

The following will describe another operation of the 
apparatus when the compression ratio is reduced to the 
initial Kl when the available capacity of the buffer memory 
2 exceeds a predetermined value. The change in the avail- 25 
able capacity of the buffer memory 2 and the change in the 
compression ratio over time are illustrated by Graphs (a) and 
(b) of FIG. 3, respectively. Because the changes up to the 
time T7 are identical in Graphs (a) and (b) of FIG. 2, the 
changes after the time T7 will be described. At the time 17, 30 
the system controller 5 detects that the disk device 4 has 
been restored to the data writable state, and issues a com- 
mand to the memory controller 3 to start the data transfer 
from the buffer memory 2 to the disk device 4, whereupon 
the available capacity of the buffer memory 2 starts to 35 
increase. When the available capacity of the buffer memory 
2 reaches TH4 at a time T8, the system controller 5 issues 
a command to the compressing circuit 1 to reduce the 
compression ratio to the initial Kl. Accordingly, the com- 
pressing circuit 1 reduces the compression ratio to Kl at a 40 
time T9, at which the compressing circuit 1 starts the 
processing of a new data block following a data block which 
was being processed when the command arrived. Then, after 
the system controller 5 detects that the compression ratio is 
reduced to the initial Kl, the system controller 5 so indicates 45 
on the display device 6. Hereinafter, the normal operation is 
carried out repetitively. 

Because the compression ratio is reduced to the initial 
value after the available capacity of the buffer memory 2 has 
increased to TH4 as described above, the compression ratio 50 
is reduced after the buffer memory 2 has gained a sufficient 
available capacity. Therefore, in the event that the disk 
device 4 becomes unable to record the data due to a series 
of impacts, a time margin can be secured until the buffer 
memory 2 stores the data to its full capacity (available 55 
capacity-O). Note that TH4 must be larger than TH3, and is 
preferably larger than TH1. 

The operation of the compressed data storage apparatus 
for the case shown in FIG. 2 will now be explained with 
reference to the flowchart of FIG. 4. When the recording of 60 
the image data starts, the compressed data storage apparatus 
compares the current available capacity of the buffer 
memory 2 with TH1 (SI). When the former is smaller than 
the latter, the compressed data storage apparatus checks 
whether or not the disk device 4 is ready to record the data 65 
(S2). If the disk device 4 is ready, the compressed data 
storage apparatus starts the data transfer from the buffer 2 to 



,094 

10 

the disk device 4 (S3). After a while, the compressed data 
storage device checks whether or not the image data record- 
ing ends (S4), and if the image data recording should be 
continued, the compressed data storage apparatus returns to 
SI and repeats the above operation. Because the data trans- 
fer rate from the buffer memory 2 to the disk device 4 is set 
higher than the data transfer rate from the input end to the 
buffer memory 2, the available capacity of the buffer 
memory 2 keeps increasing to exceed TH1 while a loop of 
S1-S4 is being carried out, whereupon the compressed data 
storage apparatus proceeds to. S5 to compare the current 
available capacity with TH2. If the available capacity has 
increased above TH2 along with the recording action of the 
disk device 4, the compressed data storage apparatus stops 
the data transfer from the buffer memory 2 to the disk device 
4 (S6). A normal recording operation is carried out in the 
above manner. 

The following will describe the flow when the disk device 
4 becomes unable to record the data. The disk device 4 is 
judged to have become unable to record data when the 
available capacity drops below TH1. In this case, the com- 
pressed data storage apparatus proceeds to S7 from S2 to 
compare the current available capacity with TH3. When the 
former is smaller than the latter, the compressed data storage 
apparatus increases the compression ratio to K2 and so 
indicates on the screen (S8). Then, the compressed data 
storage apparatus waits under these conditions until the disk 
device 4 is restored to the data writable state (S9). In the 
meantime, the compressed data storage apparatus detects 
that the disk device 4 has been restored to the data writable 
state, whereupon the compressed data storage apparatus 
reduces the compression ratio to the initial K and so indi- 
cates on the screen. 

In a period between T6 and T8 of Graph (a) of FIG. 2, the 
decreasing rate of the available capacity of the buffer 
memory 2 is reduced as the compression ratio has increased. 
Given that the buffer memory 2 has a capacity as large as its 
conventional counterpart, the above specified period of 
Graph (a) of FIG. 2 reveals that it takes longer for the buffer 
memory 2 to store the data to its full capacity (available 
capacity «0), thereby securing a time margin until the disk 
device 4 is restored to the data writable state. Alternatively, 
if the buffer memory 2 and its conventional counterpart take 
the same time to store the data to their full capacities, then 
the amount of an adopted memory can be reduced. 

For further understanding, a more detailed explanation 
will now be given. For example, assume that a 16 Mb 
memory is used as the buffer memory 2, and the data are 
transferred to the same at a transfer rate of 4 Mbps for the 
first 3 seconds, after which the data transfer rate is reduced 
to 1.4 Mbps. Then, a time necessary for the buffer memory 
2 to store the data to its full capacity (available capacity-O) 
is computed as: 

3 s+(16 Mb-4 Mbpsx3 j)/1.4 Mbps-5.86 j. 

Because it takes 5.86 seconds for the buffer memory 2 to 
store the data to its full capacity (available capacity-0), a 
maximum time margin of 5.86 seconds is secured until the 
disk device 4 is restored to the data writable state. If the 
apparatus has a fixed transfer rate of 4 Mbps like the 
conventional apparatus, the time margin is 16 Mb/4 Mbps-4 
s. Thus, the apparatus of Embodiment 1 of the present 
invention can extend the time margin by a factor of 1.5. 
Conversely, a capacity of the buffer memory necessary to 
secure a time margin of 5.86 seconds in the conventional 
apparatus is computed as: 

4 Mbpsx5.86 5-23 Mb. 
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In contrast, the apparatus of Embodiment 1 can secure the the buffer memory 2. Also, the memory controller 3 detects 

same time margin with the buffer memory 2 of 16 Mb, an available capacity of the buffer memory 2 based on these 

thereby reducing the amount of memory by approximately addresses. The disk device 4 is a device for storing the data, 

3°%* and an optical disk device is used herein. An appended data 

As explained above, the apparatus of Embodiment 1 of 5 generating circuit 11 is a circuit for appending a certain kind 

the present invention can reduce the capacity of the buffer of image data when the audio data alone is compressed, that 

memory significantly, or increase the time margin for being is, when the compressing circuit 1 does not output the 

restored to the data writable state. In addition, the apparatus compressed image data. 

displays an indication on the screen that the compression Next, an operation of the apparatus of Embodiment 2 will 

ratio has been increased. Thus, the user can decide on the 10 be explained. Graph (a) of FIG. 6 represents the change of 

best way to suppress the deterioration of the image quality me available capacity of the buffer memory 2 over time, 

or to speed up the return to the data writable state. Graph (b) of FIG. 6 represents an image data compression 

In Embodiment 1, the compression ratio is changed state and ON means that the image data is being compressed 

between two levels. However, the compression ratio can be and OFF means that the image data is not compressed, 

changed among more than two levels. Although this means 15 Similarly, Graph (c) of FIG. 6 represents an audio data 

that the compression rate is changed in a more complex compression state. Assume that the recording starts at a time 

manner, it has an advantage in that the deterioration of the 0 in Graph (a) of FIG. 6, and the compressing circuit 1 starts 

image quality becomes less noticeable because the image to compress the data concurrently with the recording. Thus, 

quality deteriorates gradually. In addition, in Embodiment 1, the buffer memory 2 is empty at the time 0, and a full 

the compression ratio is increased to a fixed value regardless 20 capacity of the buffer memory 2 is available. Because the 

of the available capacity of the buffer memory 2, but the data compressed by the compressing circuit 1 is transferred 

compression ratio may vary with the available capacity of to the buffer memory 2 at a constant transfer rate, the 

the buffer memory 2. In Embodiment 1, the compression available capacity of the buffer memory 2 keeps decreasing 

ratio is increased when the available capacity of the buffer over time. In the meantime, the available amount of the 

memory 2 drops below TH3. However, the compression 25 buffer memory 2 drops below a first predetermined value 

ratio may be increased at the time T3 at which the disk TH1 at a time Tl, and the system controller 5 is so notified 

device 4 has become unable to record the data, and reduced by the memory controller 3. Upon receipt of the notification, 

to the initial Kl at the time T7 at which the disk device 4 has the system controller 5 issues two commands: one is a 

been restored to the data writable state. Compared with the command to the memory controller 3 to start the data 

case in Embodiment 1, because the compression ratio is 30 transfer from the buffer memory 2 to the disk device 4, and 

increased earlier, the image quality starts to deteriorate the other is a command to the disk device 4 to start writing 

earlier as well in this case, but there is an advantage in that the data onto the disk. Because the data transfer rate from the 

the capacity of the buffer memory can be further reduced. buffer memory 2 to the disk device 4 is set higher than the 

Embodiment 2 data transfer rate from the compressing circuit 1 to the buffer 

The following description will describe Embodiment 2 of 35 memory 2, the amount of the compressed data stored tem- 

the present invention. FIG. 5 is a block diagram depicting an porarily in the buffer memory 2 starts to decrease over time, 

arrangement of a compressed data storage apparatus in and hence, the available capacity of the buffer memory 2 

accordance with Embodiment 2 of the present invention. starts to increase. In the meantime, the available capacity of 

Like Embodiment 1, the present invention is also applied to the buffer memory 2 exceeds a second predetermined value 

a camcorder as an example. Image information is first 40 TH2 at a time T2, and the system controller 5 is so notified 

converted into an electric signal by a camera section 8, and by the memory controller 3. Upon receipt of the notification, 

then converted into a digital signal by an A/D converter 7 the system controller 5 issues two commands: one is a 

and sent to a compressing circuit 1. Similarly, audio infor- command to the memory controller 3 to stop the data 

mation is first converted into an electric signal by an audio transfer from the buffer memory 2 to the disk device 4, and 

section 9, and then converted into a digital signal by an A/D 45 the other is a command to the disk device 4 to stop writing 

converter 10 and sent to the compressing circuit 1. Then, the data onto the disk. In normal operation, the cycle of writing 

data inputted into the compressing circuit 1 is compressed. data onto the disk device 4 when the available capacity of 

The compressing circuit receives both the image data and the buffer memory 2 drops below TH1, and not writing data 

audio data, and applies a compressing method suited for onto the disk when the available capacity of the buffer 

each kind of data separately. Also, the compressing circuit 1 50 memory 2 exceeds TH2 is repeated hereinafter. In normal 

compresses both kinds of data concurrently in parallel, and operation, the compressing circuit 1 compresses both the 

the compressed image data and audio data are combined into image data and audio data and the appended data generating 

one data series. During this process, an identification code is circuit 11 does not operate. 

appended to each of the image data and audio data to identity Assume that an impact is applied to the disk device 4 at 

whether the data in question is the image data or audio data. 55 a time T3, and the disk device 4 becomes unable to write 

Because the image data and audio data are processed in data and takes a time T7 to be restored to the data writable 

parallel, the compressing circuit 1 can compress either of the state. Then, the available capacity of the buffer memory 2 

image data or audio data alone by a selection command starts to decrease over time and drops below the first 

issued by a system controllers. The data compressed by the predetermined value TH1 at a time T4, at which the disk 

compressing circuit 1 is sent to the buffer memory 2 through 60 device 4 has not yet been restored to the data writable state, 

a memory controller 3 and stored temporarily therein The Thus, the system controller 5 does not start the data transfer 

memory controller 3 is a circuit that controls the flow of the from the buffer memory 2 to the disk device 4, and the 

data through the compressing circuit 1, the buffer memory 2, available capacity of the buffer memory 2 keeps decreasing, 

and a disk device 4. More specifically, the memory control- In the meantime, the available capacity of the buffer 

ler 3 manages the addresses of the data in the buffer memory 65 memory 2 drops below a third predetermined value TH3 at 

2 transferred from the compressing circuit 1, and the a time T5 and the system controller 5 is so notified by the 

addresses of the data transferred to the disk device 4 from memory controller 3. Upon receipt of the notification, the 
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system controller 5 issues a command to the compressing times T6 and T7, the system controller 5 issues two corn- 
circuit 1 to suspend the image data compression. Upon mands when the audio data compressed during this specific 
receipt of the command, the compressing circuit 1 suspends period are transferred to the disk device 4 from the buffer 
the image data compression, and continues the audio data memory 2: one is a command to the appended data gener- 
compression alone. The amount of the compressed image 5 aling circuit 11 to generate appended image data, and the 
data is approximately 4 Mbps as previously mentioned, and other is a command to the memory controller 3 to transfer 
the amount of the audio data is 0.3 Mbps. Thus, suspending the image data generated by the appended data generating 
the image data compression can decrease the amount of data circuit 11 to the disk device 4. Preferred appended data are 
transferred to the buffer memory 2 to Vlo or less. Generally, the data indicating that the image data compression has been 
the image data is compressed per data block, each data block 10 suspended, but may be a simple landscape. Alternatively, an 
having a certain amount of data, and the compression image right before the suspension of the image data corn- 
process cannot be suspended while a data block is being pression may be generated as a still image. Hereinafter, the 
processed. Therefore, the compressing circuit 1 suspends the normal operation is carried out repetitively, 
image data compression at a time T6 at which the com- Suspending the image data compression during the period 
pressing circuit 1 starts the processing of a new data block is of T6 and T7 shown in Graph (a) of FIG. 6 can reduce the 
following a data block which was being processed when the decreasing rate of the available capacity of the buffer 
command from the system controller 5 arrived. memory 2. Given that the buffer memory 2 has a capacity as 
In the meantime, the system controller 5 detects that the large as its conventional counterpart, this specific period in 
image data compression by the compressing circuit 1 has Graph (a) of FIG. 6 reveals that it takes longer for (he buffer 
suspended at the time T6, and so indicates on the display 20 memory 2 to store the data to its full capacity (available 
device 6. To be more specific, since the camcorder has a capacity=0), thereby providing a time margin until the disk 
liquid crystal monitor screen, a display indicating that the device 4 is restored to the data writable state. Alternatively, 
image data compression has been suspended is shown on the if the buffer memory 2 and its conventional counterpart take 
screen. Alternatively, an LED may be used as a display the same time to store the data to their full capacity 
element and turned on when the image data compression has 25 (available capacity=0), the amount of adopted memory can 
suspended. This display enables the user to take an appro- be reduced. 

priate action. For example, because it is known that the For further understanding, a more detailed explanation 

image data compression is suspended when considerable will now be given. For example, assume that a 16 Mb 

vibrations or an impact is applied to the camcorder, the user memory is used as the buffer memory 2, and the data is 

can support the camcorder more carefully to prevent the 30 transferred to the same at a transfer rate of 4.3 Mbps for the 

vibrations and impact thereon, so that the disk device 4 can first 3.5 seconds, after which the data transfer rate is reduced 

be restored to the data writable state faster. Also, an instruc- to 0.3 Mbps by suspending the image data compression, 

tion as above may be displayed on the liquid crystal monitor Then, a time necessary for the buffer memory 2 to store the 

screen. data to its full capacity (available capacity=0) is computed 

Further, the system controller 5 stores the time T6 at 35 as: 
which the image data compression has suspended. Because 

the image data compression is suspended at the time T6, the 3 5 s+ ( 16 Mb-4.3 Mbpsx3.5 s)/o.3 Mbps-6.25. 

data transfer rate from the compressing circuit 1 to the buffer n . , 

memory 2 is reduced. Accordingly, the decreasing rate of the ® ecause U take f s " seconds f or memory 2 to store 

available amount of the buffer memory 2 starts to reduce 40 thc data t0 lts ful1 ca P ac *X (available capacity=0), a maxi- 

from the time T6, and is indicated as a mild slope in Graph mura Um ? mar 6 1 " of 6 u 2 seconds is provided until the disk 

(a) of FIG 6 device 4 is restored to the data writable state. Suppose if the 

In the meantime, the system controller 5 detects that the apparatus always compresses both the image data and audio 

disk device 4 has been restored to the data writable state at dala , llke J 1 ? conventional counterpart, then a transfer rate is 

a time T7, and issues a command to the memory controller 45 ^ * " M *P S > ™* the L time mar & m * f f hc * as ^ 

3 to start the data transfer from the buffer memory 2 to the Mb P s -3-7 s - fhus, the apparatus of Embodiment 2 

disk device 4, whereupon thc available capacity of the buffer ? f ^ P/f^nt invention can extend the time margin by a 

memory 2 starts to increase. At the same time, the system factor of l T Conversely, the capacity of the buffer memory 

controller 5 issues a command to the compressing circuit 1 to t P rov » dc * time margin of 6.2 seconds in the 

to resume the image data compression, and shows a display 50 coavcnUonal a PP a ratus is computed as: 

indicating that the image data compression is resumed, 4 3 Mbp5x6 2 5*27 Mb 
whereupon the compressing circuit 1 resumes the image data 

compression. The system controller 5 also stores the time T7 In contrast, the apparatus of Embodiment 2 can provide the 

at which the image data compression is resumed. same time margin with the buffer memory 2 of 16 Mb, 

Because the image data is not compressed for a period 55 thereby reducing the required amount of memory by 

from T6 to T7, the buffer memory 2 stores only the audio approximately 40%. As explained above, the apparatus of 

data during this specific period. When the data compressed Embodiment 2 of the present invention can reduce the 

during this specific period is transferred from the buffer capacity of buffer memory significantly, or increase the time 

memory 2 to the disk device 4, the audio data alone may be margin for returning to the data writable state, 

transferred to the disk device 4. However, when the user 60 In Embodiment 2, two kinds of data, image data and audio 

reproduces the data later, he may not know why the audio data, are compressed, but more than two kinds of data may 

data alone is reproduced. Therefore, when the audio data be compressed. Although the determination of which kind of 

compressed during the above specific period is transferred to data should be suspended requires more complicated 

the disk device 4, the appended data generating circuit 11 control, the data transfer rate can be significantly reduced, 

generates predetermined images, which are transferred to 65 In Embodiment 2, the image data compression is sus- 

the disk device 4 to pair with the compressed audio data. pended when the available capacity of the buffer memory 2 

More specifically, because the system controller 5 stores the drops below TH3. However, the image data compression 
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may be suspended at the time T3 at which the disk device 4 Furthermore, a fourth compressed data storage apparatus 

becomes unable to record the data, and resumed at the time of the present invention is characterized by comprising: 

T7 at which the disk device 4 has been restored to the data a compressing circuit for generating compressed data by 

writable state. For this case, the image data compression is compressing more than one kind of data; 

suspended earlier and the period without compressed image 5 a temporary storage circuit for temporarily storing the 

data is extended. However, this case has the advantage that compressed data; 

the ; capacity of th< ^buffer memory can be further reduced. a st device for stod ^ mmpnsscd data Dy 

In addition, in Embodiment 2, the image data compres- _ # • . ■ , , . % . r 

sion is resumed when the disk deUce 4 ha? been restored to ^.™ g te *mp«Kd data from the temporary storage 

the data writable state, but like in Embodiment 1, the image „ ^ at , a rate , h faster thaD a " te at wh ' ch *» c ° m P ress ">8 

data compression may start when the available capacity of 10 "^mt outputs the compressed data to the temporary storage 

the buffer memory 2 exceeds the predetermined value. In circuit; 

this way, the image data compression can be resumed when an available capacity detecting circuit for detecting an 

the buffer memory 2 has gained a sufficient available capac- unused memory capacity of the temporary storage circuit; 

ity. Therefore, if the disk device becomes unable to record anc * 

the data due to a series of impacts, a time margin can be 15 a control circuit for compressing only a designated kind of 
provided until the buffer memory stores the data to its full dala among more than one kind of data when the unused 
capacity (available capacity=o). memory capacity detected by the available capacity detect- 
As explained above, a first compressed data storage ing circuit is smaller than a predetermined value and the 
apparatus of the present invention is characterized by com- control circuit detects that the storage device has become 
prising: 20 unable to store the compressed data. 

a compressing circuit for generating compressed data by The first through fourth compressed data storage appara- 

compressing data; tuses can reduce the output rate of the compressing circuit at 

a temporary storage circuit for temporarily storing the which the compressing circuit outputs the compressed data 

compressed data; to the temporary storage circuit by, for example, increasing 

a storage device for storing the compressed data by 25 the compression ratio of the data amount, or compressing a 

retrieving the compressed data from the temporary storage part of more than one kind of data when the storage device 

circuit at a rate faster than a rate at which the compressing has become unable to store the compressed data, 

circuit outputs the compressed data to the temporary storage Consequently, the memory capacity of the temporary stor- 

circuit; and, age circuit can be reduced, thereby realizing an inexpensive 

a control circuit for increasing a data compression ratio of 30 compressed data storage apparatus with excellent resistance 

the compressing circuit when detecting that the storage to vibrations. Particularly, since the pick-up of the optical 

device has become unable to store the compressed data. disk device is heavy and it takes a longer time to be restored 

Also, a second compressed data storage apparatus of the to the data writable state, a more significant effect can be 

present invention is characterized by comprising: attained. 

a compressing circuit for generating compressed data by 35 If the output rate of the compressed data is reduced when 

compressing data; the control circuit detects that the storage device has become 

a temporary storage circuit for temporarily storing the unable to store the compressed data like the first or third 

compressed data; compressed data storage apparatus, the output rate can be 

a storage device for storing the compressed data by reduced at an earlier timing compared with the second or 

retrieving the compressed data from the temporary storage 40 fourth compressed data storage apparatus. Consequently, a 

circuit at a rate faster than a rate at which the compressing time required for the temporary storage circuit to store the 

circuit outputs the compressed data to the temporary storage compressed data to its full capacity can be extended, thereby 

circuit; further reducing the memory capacity of the temporary 

an available capacity detecting circuit for detecting an storage circuit, 

unused memory capacity of the temporary storage circuit; 45 On the other hand, if the output rate of the compressing 

and circuit is reduced when the unused memory capacity is 

a control circuit for increasing a data compression ratio of smaller than the predetermined value and the control circuit 

the compressing circuit when the unused memory capacity detects that the storage device has become unable to store 

detected by the available capacity detecting circuit is smaller the compressed data like the second or fourth compressed 

than a predetermined value and the control circuit detects 50 data storage apparatus, the output rate can be reduced at a 

that the storage device has become unable to store the later timing compared with the first or third compressed data 

compressed data. storage apparatus while securing a time until the temporary 

Further, a third compressed data storage apparatus of the storage circuit has stored the compressed data to its full 

present invention is characterized by comprising: capacity. Consequently, it has become possible to shorten a 

a compressing circuit for generating compressed data by 55 period in which the quality of the compressed data stored in 

compressing more than one kind of data; the storage circuit deteriorates. 

a temporary storage circuit for temporarily storing the A fifth compressed data storage apparatus of the present 

compressed data; invention is the first or second compressed data storage 

a storage device for storing the compressed dala by apparatus further characterized by additionally comprising a 

retrieving the compressed data from the temporary storage 60 display circuit for displaying a change of the compression 

circuit at a rate faster than a rate at which the compressing ratio. 

circuit outputs the compressed data to the temporary storage Further, a sixth compressed data storage apparatus of the 

circuit; and present invention is the third or fourth compressed data 

a control circuit for compressing only a designated kind of storage apparatus further characterized by additionally com- 

data among more than one kind of data when detecting that 65 prising a display circuit for displaying a kind (kinds) of data 

the storage device has become unable to store the com- which are not compressed among more than one kind of 

pressed data. data. 
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The fifth and sixth compressed data storage apparatuses 
respectively display the compression ratio and the kinds of 
the data when the compression ratio is increased and the 
number (kind(s)) of the data to be compressed is limited, 
respectively. Consequently, the user can take an appropriate 5 
action in each case. 

Also, a seventh compressed data storage apparatus of the 
present invention is the first or second compressed data 
storage apparatus further characterized in that the control 
circuit increases the data compression ratio of the compress- 10 
ing circuit to the normal value when detecting that the 
storage device has been restored to the data writable state. 

Further, an eighth compressed data storage apparatus of 
the present invention is the second compressed data storage 
circuit further characterized in that the control circuit is 
increases the data compression ratio to the normal value 
when the unused memory capacity detected by the available 
capacity detecting circuit is larger than a predetermined 
value and the control circuit detects that the storage device 
has been restored to the data writable state. 20 

In addition, a ninth compressed data storage apparatus of 
the present invention is the third or fourth compressed data 
storage apparatus further characterized in that the control 
circuit starts to compress all kinds of data again by means of 
the compressing circuit when detecting that the storage 25 
device has been restored to the data writable state. 

Furthermore, a tenth compressed data storage apparatus 
of the present invention is the fourth compressed data 
storage apparatus further characterized in that the control 
circuit starts to compress all kinds of data again by means of 30 
the compressing circuit when the unused memory capacity 
detected by the available capacity detecting circuit is larger 
than a predetermined value and the control circuit detects 
that the storage device has been restored to the data writable 
state. 35 

The seventh through tenth compressed data storage appa- 
ratuses increased the output rate of the compressed data to 
the normal value when the storage device is restored to the 
data writable state by increasing the compression ratio to the 
normal value or by compressing all kinds of data again. 40 
Consequently, it has become possible to shorten a period 
during which unwanted data are stored, for example, a 
period during which the quality of the compressed data 
stored in the storage device deteriorates, or less kinds of 
compressed data are stored in the storage device. 45 

In particular, if the output rate is increased to the normal 
value when the control circuit detects that the storage device 
has been restored to the data writable state like the seventh 
or ninth compressed data storage apparatus, the output rate 
can be increased to the normal value at an early timing 50 
compared with the eighth or tenth compressed data storage 
apparatus. Consequently, the period during which the 
unwanted data are stored can be shortened. 

On the other hand, if the output rate of the compressed 
data is increased to the normal value when the unused 55 
memory capacity detected by the available capacity is larger 
than the predetermined value and the control circuit detects 
that the storage device has been restored to the data writable 
state like the eighth or tenth compressed data storage 
apparatus, a time can be secured until the temporary storage 60 
circuit has stored the compressed data to its full capacity 
even if the storage device has become unable to store the 
compressed data continuously. 

The invention being thus described, it will be obvious that 
the same may be varied in many ways. Such variations are 65 
not to be regarded as a departure from the spirit and scope 
of the invention, and all such modifications as would be 
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obvious to one skilled in the art are intended to be included 
within the scope of the following claims. 
What is claimed is: 

1. A compressed data storage apparatus for storing data 
after compressing the data, comprising: 

compressing means for generating compressed data by 
compressing the data; 

temporary storage means for temporarily storing the com- 
pressed data; 

storage means for storing the compressed data by retriev- 
ing the compressed data from said temporary storage 
means at a rate faster than an output rate at which said 
compressing means outputs the compressed data to said 
temporary storage means; and 

control means for, when detecting that said storage means 
has become unable to store the compressed data, reduc- 
ing the output rate of said compressing means to be 
smaller than an initial output rate at which the com- 
pressed data had been outputted until said storage 
means has become unable to store the compressed data, 
and to be larger than 0. 

2. The compressed data storage apparatus of claim 1, 
wherein: 

said compressing means can change a compression ratio 
at which the data are compressed; and 

said control means increases the compression ratio of said 
compressing means to be larger than an initial com- 
pression ratio, at which the data had been compressed 
until said storage means has become unable to store the 
compressed data, when reducing the output rate of said 
compressing means. 

3. The compressed data storage apparatus of claim 2, 
wherein said control means increases the compression ratio 
of said compressing means gradually. 

4. The compressed data storage apparatus of claim 2, 
wherein said control means monitors whether said storage 
means is in a data writable state or not, and increases the 
compression ratio of said compressing means whenever 
detecting that said storage means has become unable to store 
the compressed data. 

5. The compressed data storage apparatus of claim 2 
further comprising: 

available capacity detecting means for detecting an 
unused memory capacity of said temporary storage 
means, 

wherein, 

said control means increases the compression ratio of said 
compressing means when said control means detects 
that said storage means has become unable to store the 
compressed data and the unused memory capacity 
detected by said available capacity detecting means is 
smaller than a first predetermined value. 

6. The compressed data storage apparatus of claim 5, 
wherein said control means reduces the compression ratio of 
said compressing means to the initial compression ratio 
when said control means detects that said storage means has 
been restored to the data writable state and the unused 
memory capacity detected by said available capacity detect- 
ing means is larger than a second predetermined value, said 
second predetermined value being equal to or larger than 
said first predetermined value. 

7. The compressed data storage apparatus of claim 2, 
wherein said control means reduces the compression ratio of 
said compressing means to the initial compression ratio 
when detecting that said storage means has been restored to 
a data writable state. 
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8. The compressed data storage apparatus of claim 7, 
wherein said control means monitors whether or not said 
storage means is in the data writable state, and reduces the 
compression ratio of said compressing means to the initial 
compression ratio whenever detecting that said storage 
means has been restored to the data writable state. 

9. The compressed data storage apparatus of claim 7 
further comprising: 

available capacity detecting means for detecting an 
unused memory capacity of said temporary storage 
means, wherein, 

said control means reduces the compression ratio of said 
compressing means to the initial compression ratio 
when said control means detects that said storage 
means has been restored to the data writable state and 
the unused memory capacity detected by said available 
capacity detecting means is larger than a predetermined 
value. 

10. The compressed data storage apparatus of claim 2 
further comprising: 

display means for showing a display indicating a change 
of the compression ratio of said compressing means. 

11. The compressed data storage apparatus of claim 1, 
wherein 

when said compressing means receives more than one 
kind of data, and said control means reduces the output 
rate of said compressing means, 

said control means limits a kind of data to be compressed 
by said compressing means to a first group of data 
among all kinds of data received by said compressing 
means. 

12. The compressed data storage apparatus of claim 11, 
wherein said control means monitors whether or not said 
storage means is in a data writable state, and limits the kind 
of data to be compressed by said compressing means to said 
first group of data whenever detecting that said storage 
means has become unable to store the compressed data. 

13. The compressed data storage apparatus of claim 11 
further comprising: 

available capacity detecting means for detecting an 
unused memory capacity of said temporary storage 
means, wherein, 

said control means limits the kind of data to be com- 
pressed by said compressing means to said first group 
of data when said control means detects that said 
storage means has become unable to store the com- 
pressed data and the unused memory capacity detected 
by said available capacity detecting means is smaller 
than a first predetermined value. 

14. The compressed data storage apparatus of claim 11 
further comprising: 

display means for displaying other kinds of data which are 
not being compressed by said compressing means. 

15. The compressed data storage apparatus of claim 11 
further comprising: 

appended data generating means for appending data 
related to a second group of data to the compressed data 
generated out of said first group of data when said 
compressed data are stored, said second group of data 
comprising all kinds of data other than said first group 
of data. 

16. The compressed data storage apparatus of claim 15, 
wherein said appended data generating means appends pre- 
determined data to the compressed data. 

17. The compressed data storage apparatus of claim 15, 
wherein said appended data generating means withholds 
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said second group of data immediately before the kind of 
data to be compressed are limited to said first kind of data, 
and appends said withheld data to the compressed data. 

18. The compressed data storage apparatus of claim 11, 
wherein said control means lifts the limitation on compress- 
ing said first group of data, so that said compressing means 
compresses all kinds of data when detecting that said storage 
means has been restored to a data writable state. 

19. The compressed data storage apparatus of claim 18, 
wherein said control means monitors whether or not said 
storage means is in the data writable state, and lifts the 
limitation on compressing said first group of data, so that 
said compressing means compresses all kinds of data when- 
ever detecting that said storage means has been restored to 
the data writable state. 

20. The compressed data storage apparatus of claim 18 
further comprising: 

available capacity detecting means for detecting an 
unused memory capacity of said temporary storage 
means, wherein, 

said control means lifts the limitation on compressing said 
first group of data, so that said compressing means 
compresses all kinds of data when said control means 
detects that said storage means has been restored to the 
data writable state and the unused memory capacity 
detected by said available capacity detecting means is 
larger than a predetermined value. 

21. The compressed data storage apparatus of claim 20, 
said control means lifts the limitation on compressing said 
first group of data, so that said compressing means com- 
presses all kinds of data when said control means detects that 
said storage means has been restored to the data writable 
state and the unused memory capacity detected by said 
available capacity detecting means is larger than a second 
predetermined value, said second predetermined value being 
equal to or larger than said first predetermined value. 

22. The compressed data storage apparatus of claim 1, 
wherein said control means monitors whether said storage 
means is in a data writable state or not, and reduces the 
output rate of said compressing means whenever detecting 
that said storage means has become unable to store the 
compressed data. 

23. The compressed data storage apparatus of claim 1 
further comprising: 

available capacity detecting means for detecting an 
unused memory capacity of said temporary storage 
means, 

wherein, 

said control means reduces the output rate of said com- 
pressing means when said control means detects that 
said storage means has become unable to store the 
compressed data and the unused memory capacity 
detected by said available capacity detecting means is 
smaller than a first predetermined value. 

24. The compressed data storage apparatus of claim 23, 
wherein said control means increases the output rate of said 
compressing means to the initial output rate when said 
control means detects that said storage means has been 
restored to the data writable state and the unused memory 
capacity detected by said available capacity detecting means 
is larger than a second predetermined value, said second 
predetermined value being equal to or larger than said first 
predetermined value. 

25. The compressed data storage apparatus of claim 1 
further comprising: 

notifying means for notifying that the output rate of said 
compressing means is being reduced by said control 
means. 
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26. The compressed data storage apparatus of claim 25, 
said control means increases the output rate of said com- 
pressing means to the initial output rate when detecting that 
said storage means has been restored to a data writable state. 

27. The compressed data storage apparatus of claim 26, 
said control means monitors whether or not said storage 
means is in a data writable slate, and increases the output 
rate of said compressing means to the initial output rate 
whenever detecting that said storage means has been 
restored to a data writable state. 

28. The compressed data storage apparatus of claim 26 
further comprising: 
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available capacity detecting means for detecting an 
unused memory capacity of said temporary storage 
means, wherein, 

said control means increases the output rate of said 
compressing means to the initial output rate when said 
control means detects that said storage means has been 
restored to the data writable state and the unused 
memory capacity detected by said available capacity 
detecting means is larger than a predetermined value. 

29. The compressed data storage apparatus of claim 1, 
wherein said storage means is an optical disk device. 
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